Introduction
Cystic Fibrosis (CF) is an autosomal recessive disease caused by mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) that affects 30,000 people in the United States (1, 2) . Progressive lung inflammation and impaired bacterial clearance can lead to terminal respiratory failure, which accounts for 85% of all CF mortalities. Despite major advances that have improved the life expectancy for CF patients, including cloning CFTR in 1989 (3), recombinant human DNase in 1994 (4) , and CFTR modulators to restore partial function of mutant channels (5) (6) (7) (8) in the last decade, modern therapy has only extended the median age at death to 30 years, which lags far behind the non-CF U.S. population (1, 9) . As more CF patients reach adulthood, chronic inflammation results in irreversible injury to multiple organs. Importantly, CFTR modulators are currently available for a fraction of CF patients based on their mutation, highlighting the unmet need for new mutation-agnostic therapies and drug targets.
The majority of CF investigations have focused on mechanisms by which impaired or absent CFTR function in the surface airway epithelium leads to mucus impaction, inflammation, and bronchiectasis. This prevailing theory suggests that viscous secretions, decreased airway surface liquid volume and pH, and dysfunctional mucus clearance lead to chronic lung infection and inflammation (10) . An alternative paradigm has emerged in which CFTR dysfunction produces a chronic hyperinflammatory state that precedes infection, drives structural disease, and impairs bacterial clearance. Supporting this theory, bronchiectasis has been demonstrated in infants as early as three months of age-a time point that precedes recurrent infections and mucus impaction (11) . In ferret models of CF, there is evidence of early hyperinflammation in the absence of infection (12, 13) . Although controversial in CF pig models (14, 15) , this theory is also supported by evidence that mice with the most common CF mutation, ΔF508, exhibit increased lung inflammation and injury after LPS challenge (16) , supporting an abnormal inflammatory response in CF. However, the mechanisms driving hyperinflammation in CF remain unknown. CFTR is expressed in many different cell types, including hematopoietic cells (17) (18) (19) (20) (21) . An exciting discovery was the transplantation of bone marrow from WT mice into CFTR -/mice that corrected the hyperinflammatory cytokine response observed after lung injury with LPS (17) . This work implicated macrophages as a major contributor to the abnormal CF lung inflammatory response (22) , yet other inflammatory cells may play important roles in this process.
Platelets have emerged as key mediators of inflammation and injury in a wide variety of disease states (23) . Platelet depletion or antiplatelet therapies attenuate injury and mortality in animal models of sterile acute lung injury (24, 25) , but it is clear that platelets are required for host defense during bacterial pneumonia (26) (27) (28) . CFTR expression has been demonstrated on human platelets through functional and biochemical approaches (21) .
Patch-clamp characterization, albeit challenging in platelets, demonstrates platelet chloride channels that regulate internal calcium and thereby activation (29) . Importantly, CF human subjects have increased circulating activated platelets and leukocyte-platelet aggregates (30) . Treatment with ibuprofen slowed the progression of CF lung disease (31) , and ibuprofen has been shown to decrease thromboxane generation during acute inflammation in humans (32) , which suggests that platelet activation is a targetable mediator of CF lung disease. Anti-platelet therapy in the ΔF508 mouse model reduces lung injury (33) . Taken together, these observations support a potentially important role of CFTR in platelets in regulating lung inflammation in CF.
Using lineage-specific deletion of CFTR in models of acute lung inflammation, we tested the role of CFTR in immune cells in contributing to hyperinflammation. We hypothesized that CFTR dysfunction in platelets produces aberrant calcium entry leading to platelet activation and hyperinflammation. We tested the relationship between CFTR and transient receptor potential channel 6 (TRPC6), a calcium channel that demonstrates reciprocal functional
Results

CFTR -/mice exhibit increased lung injury, neutrophil extracellular traps (NETs), and platelet
activation after LPS and PAO1 challenge. To investigate the effect of global deletion of CFTR on lung inflammation, we challenged CFTR -/mice with intratracheal LPS or Pseudomonas aeruginosa (PAO1). At 48 hours after instillation, CFTR -/mice showed increased bronchoalveolar lavage (BAL) white blood cell (WBC) and neutrophil counts compared to WT or CFTR +/mice in the LPS (Figure 1A -B) and PAO1 models ( Figure 1G -H).
Global CFTR deletion increased lung permeability as determined by cell-free BAL total protein, whereas CFTR +/and WT mice had similar protein leak in the LPS ( Figure 1C ) and PAO1 ( Figure 1I ) models. We tested for platelet activation by measuring BAL thromboxane B2 (TXB2) (24) , and CFTR -/mice showed increased platelet activation ( Figure 1D , 1J) in both models. Since activated platelets can trigger NET formation (37-39), we tested for NETs, including citrullinated NETs, which were increased in the CFTR -/-BAL ( Figure 1E -F, 1K-L) in both models. In the PAO1 model, CFTR -/mice had increased BAL bacterial colony counts compared to WT and CFTR +/mice ( Figure 1M ).
Deletion of CFTR in hematopoietic cells.
We confirmed a previous report (21) that CFTR is expressed on human platelets (Supplemental Figure 1A ), but CFTR expression on mouse platelets has not been verified. We isolated platelets from WT and CFTR -/mice and tested for expression using immunofluorescence. CFTR was detected on WT platelets (CD41 + ) but not on CFTR -/platelets (Supplemental Figure 1B) . We used the CFTR fl/fl mouse (hereafter CF fl/fl ) (40) to generate lineage-specific deletion of CFTR in platelets (PF4-Cre x CF fl/fl , hereafter CF-PF4) (41), myeloid cells (LysM-Cre x CF fl/fl , hereafter CF-LysM) (42) , and neutrophils (MRP8-Cre x CF fl/fl , hereafter CF-MRP8 (43) . To test for CFTR deletion efficiency, we isolated megakaryocytes from CF fl/fl and CF-PF4 mice and neutrophils from CF fl/fl and CF-LysM mice. We detected CFTR mRNA in CF fl/fl neutrophils and megakaryocytes, although the relative abundance of CFTR mRNA is much lower than in lung epithelial cells (Supplemental Table 1 ). CFTR mRNA was significantly reduced in CF-PF4 megakaryocytes and CF-LysM neutrophils compared to CF fl/fl controls (Supplemental Table 1 ). We conclude that hematopoietic cell expression of CFTR could be effectively modulated for our experiments.
Lineage-specific CFTR deletion in platelets results in increased LPS-induced lung injury. At 48 hours after LPS challenge, platelet-specific CFTR deletion (CF-PF4) increased lung inflammation with increased BAL WBC and neutrophil counts compared to CF fl/fl controls, CF-LysM, and CF-MRP8 mice (Figure 2A-B ). CF-PF4 mice had in increased lung permeability compared to CF fl/fl , CF-LysM, or CF-MRP8 mice ( Figure 2C ). We have previously shown that after LPS challenge, platelets are retained in pulmonary capillaries and alveoli and form leukocyte-platelet aggregates (LPAs) that contribute to lung inflammation (25) . We investigated the effect of CFTR deletion on heterotypic aggregate formation by quantifying LPAs 24 hours after LPS challenge. All mouse lines had increased neutrophil-platelet aggregates (NPAs; BAL and blood) when exposed to LPS compared to PBS controls, but the CF-PF4 line had the highest levels of BAL and blood NPAs ( Figure   2D -E). Blood monocyte-platelet aggregates (MPAs) were also highest in the CF-PF4 mice challenged with LPS ( Figure 2F ).
Platelet-specific CFTR deletion results in increased lung injury after bacterial challenge.
With the striking inflammatory phenotype of the CF-PF4 mice established after LPS challenge, we next tested these mice in the PAO1 model. Compared to CF fl/fl mice, CF-PF4 mice had increased BAL WBC and neutrophil counts ( Figure 2G Figure 2N ). characterize the effect of CFTR dysfunction on platelet activation, we used a flow cytometry assay for platelet P-selectin (CD62P) surface expression under thrombin-stimulated conditions. WT platelets were incubated with the CFTR inhibitor, CFTRinh-172 (44) . A representative gating scheme is shown with CD41 + /CD62P + cells representing activated platelets ( Figure 3A ). With thrombin stimulation, CFTR -/and CF-PF4 platelets expressed increased CD62P compared to WT, CFTR +/-, or CF fl/fl platelets, which was phenocopied by incubating WT or CF fl/fl platelets with CFTRinh-172 ( Figure 3B ). CFTR +/platelets responded similarly to WT platelets in this assay (data not shown). To rule out an off-target effect of
CFTRinh-172, we tested an unrelated CFTR inhibitor, BPO-27 (45), on WT platelets and also observed increased platelet activation (Supplemental Figure 2 ). Notably, there was no effect of CFTRinh-172 on either CFTR -/or CF-PF4 platelet activation ( Figure 3B ), which supports efficient deletion of CFTR from platelets. We tested for effects on platelet aggregation and tail bleeding in the CF fl/fl and CF-PF4 mice, but found no differences (Supplemental Figure   3A -D).
CF platelet activation is reversed by TRPC6 inhibition. We next reasoned that since CFTR and TRPC channels are reciprocally coupled in epithelial cells (34) , this relationship could also exist in platelets and underlie the activation phenotype in CF platelets. First, TRPC1-7 isoforms were analyzed by RT-PCR in isolated mouse platelets. Only TRPC1 and TRPC6 mRNA were detected in platelets with minimal differences in expression of either isoform in platelets isolated from WT, CFTR -/-, CF fl/fl , CF-LysM, or CF-PF4 strains ( Figure 4A-B ). We focused on TRPC6 since it localizes to the plasma membrane of platelets whereas TRPC1 localizes to intracellular membranes (46) , and the genetic deletion of TRPC1 in platelets does not result in altered calcium homestasis or platelet function (47) . We demonstrated TRPC6 expression on platelets isolated from WT but not TRPC6 -/mice using immunofluorescence and flow cytometry ( Figure 4C -D). Pharmacologic inhibition of TRPC6 with SKF-96365, a TRPC6/3 inhibitor (48), reversed the increased CD62P expression in platelets with dysfunctional CFTR channels, including WT or CF fl/fl platelets incubated with CFTRinh-172, CFTR -/platelets, and CF-PF4 platelets ( Figure 4E -F). Incubation with SK alone was no different than the CFTRinh-172 + SK group (data not shown). The increased CD62P expression in CFTR -/platelets was not observed in platelets isolated from TRPC6 -/or CFTR -/-/TRPC6 -/mice ( Figure 4E ).
Platelets with deleted CFTR have increased calcium entry that is regulated by TRPC6. We hypothesized that TRPC6 activation in platelets results in increased calcium entry and activation. To test the effect of CFTR or TRPC6 inhibition on calcium entry, platelets were isolated and tested in a ratiometric Indo-1 assay during which thrombin is serially added at 60 sec intervals ( Figure 5A ). Platelets from CFTR -/mice showed increased calcium entry as measured by Indo-1 peak median fluorescent intensity (MFI) compared to WT or TRPC6 -/mice, which was attenuated by pharmacologic inhibition of TRPC6 ( Figure 5B ). WT platelets incubated with CFTRinh-172 showed increased calcium entry compared to vehicle, also rescued by TRPC6 inhibition ( Figure 5B ). Finally, TRPC6 -/platelets showed decreased calcium entry compared to CFTR -/or WT mice and were unaffected by CFTRinh-172 ( Figure   5B ). Incubation with SK alone was no different than the CFTRinh-172 + SK group (data not shown).
TRPC6 inhibition normalizes calcium entry and platelet activation in human platelets with
dysfunctional CFTR. We next tested the effects of CFTR or TRPC6 inhibition in platelets isolated from healthy controls or from CF subjects recruited during outpatient well-visits to the UCSF Adult CF Clinic (Supplemental Table 2 ). A proportion of the CF subjects, all F508/F508, were treated with lumacaftor/ivacaftor (Orkambi), and care was taken to match the untreated CF subjects by genotypic class of mutations (I-III) and lung function.
Thrombin-stimulated calcium entry was higher in platelets obtained from CF subjects not on Orkambi compared to healthy control platelets ( Figure 5C , white bars). CFTRinh-172 increased calcium entry in control but not CF platelets, and calcium entry was reduced in both groups by TRPC6 inhibition ( Figure 5C ). CF platelets from subjects not on Orkambi were also more activated as measured by CD62P and activated glycoprotein IIb/IIIa (PAC-1) after thrombin compared to controls ( Figure 5D -E, white bars). CFTRinh-172 increased platelet activation in control and CF subjects on Orkambi treatment, but not in CF subjects not receiving Orkambi ( Figure 5D -E). TRPC6 inhibition reduced platelet activation in all groups ( Figure 5D -E). Incubation with SK alone was no different than the CFTRinh-172 + SK group (data not shown). To test for the possible washout of CFTR modulators during the in vitro platelet assay, we added-back tezacaftor/ivacaftor during platelet incubation, but the results were unchanged (Supplemental Figure 4 ). 
Discussion
Emerging data supports the involvement of hematopoietic cell dysfunction in propagating CF inflammation. The paradoxical hallmark of the CF lung-chronic, acute (neutrophilic) inflammation, including NET formation (49) , has previously been attributed to a downstream effect of pathologic CF mucus colonized with bacteria, but principal defects in CF immune cells may drive this phenotype (12, 13, 17) . We now report on a primary defect in CF platelets as an upstream trigger for neutrophilic inflammation and NET formation in CF lung disease ( Figure 7 ). These findings reframe our conceptualization of CF lung disease to include pathogenic activation of platelets that accompanies the lung epithelial and submucosal gland defects.
Although several animal models of CF have been developed, no single animal model reproduces all of the human features of both acute and chronic lung disease in CF. CFTR deficient mice do not develop structural lung disease, yet the genetic tools are available in mice for cell-specific interrogation of CFTR function. In addition, CF lung disease is notably a persistent acute inflammation with a neutrophilic predominance, a physiological process for which mouse models are an established tool. Here, we observed that mice with global CFTR deletion have strikingly increased neutrophilic inflammation, NET formation, lung barrier disruption, and impaired bacterial clearance. Furthermore, these mice have increased platelet activation, also observed in human CF disease (30, 50) , which is a key driver of neutrophilic inflammation and NET formation (38) .
We confirmed a previous report (21) that platelets contain CFTR. Platelets that lack functional CFTR channels exhibit increased calcium entry and are hyperactivated after agonist challenge. Animals with conditional deletion of CFTR in platelets phenocopy the increased lung inflammation and injury seen in CFTR -/mice. Conversely, conditional deletion in myeloid cells or neutrophils alone did not result in hyperinflammatory lung injury in these animal models. Previous work showed an attenuation of lung hyperinflammation after transplanting WT bone marrow into irradiated CFTR -/mice (17) , perhaps because of the restoration of CFTR function in megakaryocytes and platelets. Our findings support that platelet activation, resulting from CFTR-mediated augmentation of TRPC6 activity and calcium entry, is an upstream driver of CF lung inflammation. Importantly, animals with platelet-specific CFTR deletion have intact CFTR in the lung epithelium, which underscores the importance of understanding inflammatory pathway defects in CF lung disease. Deletion of CFTR in platelets led to excessive yet ineffective inflammation, as characterized by defective bacterial clearance even in the presence of increased NETs. This scenario aligns with human CF disease, in which patients exhibit abundant neutrophilic inflammation and NETs in the lungs, yet cannot sterilize their airways.
TRPC6 is one of seven mammalian homologous channels in the TRPC family (51) . We found that pharmacologic inhibition or genetic deletion of TRPC6 decreases platelet activation, and reciprocally, calcium entry is increased by pharmacologic or genetic inhibition of CFTR. Our results are also consistent with studies in human airway epithelial cells that showed TRPC6 and CFTR exist in a multi-protein complex with reciprocal functionality (34) .
In CHO cells, CFTR activation by forskolin down-regulated OAG-dependent Ca 2+ entry through TRPC6, and in CF cells with the G551D mutation, restoration of CFTR activity by ivacaftor downregulated OAG-dependent Ca 2+ entry through TRPC6 (52) . This finding suggests that cells with dysfunctional CFTR have aberrant increased TRPC6 activity.
We extended our animal investigations to human subjects, demonstrating that platelets from healthy controls are hyperactivated after pharmacologic CFTR inhibition, which is reversed by TRPC6 inhibition. Platelets from healthy CF subjects (e.g. not in exacerbation) were hyperactivated compared to healthy controls, and this hyperactivation was rescued by TRPC6 inhibition. An interesting observation in the human studies was that CF subjects receiving Orkambi showed increased platelet activation after CFTR inhibition. The significance of these findings are two-fold: (1) the results suggest that CFTR modulators can restore channel function in a non-epithelial cell line, and (2) we demonstrate the potential of platelets as a bioassay to assess CFTR modulator efficacy and to facilitate drug development. Theratyping, or the practice of matching medications with mutations, is increasingly important in identifying rare CFTR mutations that respond to modulators.
Invoking a platelet assay to complement existing theratyping analyses, which require epithelial biopsies or brushings, would be a non-invasive method to serially track medication response.
Our results are also consistent with older clinical observations that long-term, high-dose ibuprofen slows the progression of CF lung disease particularly in pediatric patients (31, 53) .
We suspect that early inhibition of platelet activation in CF children decreased plateletmediated lung inflammation, which partially protected against bronchiectasis and scarring.
Anti-platelet therapies in CF are limited by gastrointestinal bleeding and hemoptysis.
Inhibiting the abnormal calcium entry in CF platelets by targeting TRPC6 is a potentially novel approach, which complements current therapies and provides a new genotypeagnostic treatment. The reversal of lung hyperinflammation and injury we observed in CFTR and TRPC6 double knockouts supports such an approach, although future studies using platelet-specific TRPC6 deletion will be important, since TRPC6 deficiency in the lung endothelium could independently affect lung inflammatory responses (54, 55) .
Our studies are associated with the following caveats. Using LPS or P. aeruginosa to mimic CF lung inflammation is a reductionist approach. Mouse models also do not inform on the structural sequelae of prolonged lung inflammation. Thus, confirming our findings in other animal models such as the ferret, pig, or rabbit will likely be informative. The majority of our studies utilized two pharmacologic inhibitors, CFTRinh-172 and SKF-96365, the latter of which selectively inhibits TRPC3 and TRPC6; however, qPCR studies indicated that platelets do not express TRPC3. Finally, we included a heterogeneous group of CF mutations in the CF patients not treated with Orkambi given the scarcity of ΔF508 homozygous patients not treated with modulators, but we limited the second mutation to variants within Classes I-II.
In conclusion, we define what we believe to be a novel role of CFTR in maintaining platelet homeostasis. In the presence of dysfunctional CFTR, the CF platelet is activated during acute inflammation and drives neutrophilic lung injury. CFTR modulators modestly restore CFTR function on platelets, but improved approaches are needed, such as the direct targeting of TRPC6 in platelets.
Methods
Mice. We used 8-to 12-week-old male mice for the experimental procedures. C57BL/6J and PF4-Cre mice were obtained from The Jackson Laboratory. CFTR -/mice (Cftr tm1Unc ) and CF fl/fl mice (Cftr tm1Cwr ) (40) were obtained from the Case Western University Cystic Fibrosis Animal Core. CFTR -/mice express hCFTR protein in the gut under the influence of the rat FABP promoter, and with this "gut correction" have improved survival (56) . 
Intratracheal (i.t.) LPS and Pseudomonas aeruginosa (PAO1) models of lung injury.
We used established models of LPS and Pseudomonas aeruginosa-induced lung inflammation and injury (25, 59) . For the LPS model, mice were anesthetized with ketamine (80 mg/kg) and xylazine (12 mg/kg), and LPS was instilled i.t. at 2.5 mg/kg under direct visualization (60) . At 48 hours, mice were euthanized and blood samples collected by cardiac puncture. A tracheotomy was performed and 1 mL of PBS + 5 mM EDTA was instilled and flushed three times to recover the BAL. Quantification of lung injury was carried out using established techniques, including BAL total protein as a measure of lung permeability, and BAL and plasma measurements of total WBCs and differential (59) . BAL analyses, including cell count and leukocyte-platelet aggregate measurements, were done immediately and remaining BAL and plasma were centrifuged, aliquoted, and stored at -80C. BAL WBCs were measured on a Genesis cell counter (Oxford Science). BAL cellular differential was measured with a Cytospin 3 (Thermo Electron, Inc.) and Diff-Quick staining.
Total protein measurements in cell-free BAL was measured using a BCA protein assay (Thermo-Scientific).
PAO1 was grown in MINS media overnight, washed twice in sterile PBS, and re-suspended to a concentration of 10 8 cfu/mL. Stock solutions of PAO1 at the mid-logarithmic growth phase (2 x 10 9 cfu/ml) were aliquoted and frozen at -80°C in LB with glycerol using standard techniques (61) . A bacterial slurry at a concentration of 1 x 10 6 cfu/mouse was introduced i.t. via direct visualization. In the PAO1 model, lungs were isolated, homogenized in sterile PBS, and the diluted homogenate was spread onto sheep blood agar plates. Colonies were counted at 24 hours. Neutrophil-platelet aggregates (NPAs) or monocyte-platelet aggregates (MPAs) were detected by CD41 Ab staining. All data were analyzed using FlowJo software (TreeStar).
CFTR and TRPC6 immunostaining and TRPC6 flow cytometry. For CFTR and TRPC6
immunostaining, platelets from whole blood (WT, CFTR -/-, and TRPC6 -/mice) were isolated using centrifugation and then fixed and permeabilized on glass slides. Cells were incubated overnight in PBS-BSA 3% ± CFTR (ThermoFisher Scientific, MA1-935, clone CF3) or TRPC6 (Alomone ACC-120, polyclonal) primary antibodies, followed by species-specific Alexa Fluor 647 (Invitrogen, A31571) or Alexa Fluor 488 (Invitrogen, A11006) secondary antibodies, respectively. anti-CD41 Alexa Fluor 568 (Invitrogen, A11077) was used for platelet staining. Images were captured on a Nikon C1si spectral confocal microscope. For TRPC6 flow cytometry, isolated platelets were incubated with primary and secondary antibodies as described above, and CD41 + events were gated for expression of TRPC6. CFTR Western blot. Gel electrophoresis and immunoblotting was done on isolated human platelets as previously described (62) . Briefly, platelet proteins were lysed in RIPA buffer (Thermo Fisher Scientific, 89900), separated on sodium dodecyl sulfate poly-acrylamide gel electrophoresis (Bio-Rad, 456-1094) and electrophoretically transferred onto nitrocellulose membrane (Bio-Rad, 166-2807) before incubations with primary antibodies. The following antibodies were used: human CFTR C-terminus antibody (R&D Systems, MAB25031; clone 24-1); -Actin antibody (Sigma-Aldrich, A5441; clone AC-15); Rabbit anti-mouse IgG HRP (Abcam, ab6728). (BD Biosciences, 340507; clone PAC-1) were used to gate platelet activation as per above.
In selected experiments, human platelets were incubated with 3 µM VX-661 (tezacaftor) and 5 µM VX-770 (ivacaftor) during the thrombin challenge assay to account for any washout effects from platelet isolation. Calcium entry was detected through a dynamic flow cytometry assay in which isolated platelets were incubated with Indo-1 (a membrane-permeable dye) at room temperature for 40 min and stained with APC-CD41 for 15 min followed by two washes with Tyrode's buffer. Samples were assayed immediately after thrombin stimulation at 485 nm and 410 nm wavelengths, which correspond to unbound and calcium-bound Indo-1, respectively (65) .
NET and TXB2 ELISAs. We have developed custom ELISAs to quantify soluble NET components in plasma and BAL (59) . Neutrophil elastase (SCBT M-18 (sc-9521) or G2 (sc-55549)) or citrullinated Histone H3 antibodies (Abcam ab5103) were used for capture, and an anti-DNA-HRP conjugate (Cell Death Detection ELISA plus Kit, Roche) was used as the detection antibody. Thromboxane B2 concentrations in plasma and BAL were determined using an ELISA kit following the manufacturer's instructions (Cayman Chemical).
Platelet aggregation. Platelet aggregation on murine washed platelets was done as previously described (66) on a Lumi-dual aggregometer (Chronolog). The following platelet agonists were tested: collagen type 1 (ABP, ABP-Col-T1) was used at 1 or 2 µg/ml; U46619 (EMD Millipore, 538944) was used at 0.25 µM; murine thrombin (Sigma Aldrich, 605157) was used at 0.05 or 0.1 IU/ml. Tail bleeding time assay. Tail bleeding time on CF fl/fl and CF-PF4 mice was done as previously described (66) . Briefly, mice were anesthetized with i.p. Ketamine (25 mg/kg) and Xylazine (10 mg/kg) and placed on a warming blanket. A sterile scalpel was used to transect the tail at a distance of 3 mm from the tip. A stopwatch was used to monitoring bleeding, and blood drops were removed every 15 sec with filter paper until bleeding stopped. 
Statistics. All in vivo and in vitro experiments
